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Custodial Symmetry:
The SM Higgs

A Fundamental Scalar Doublet:
O = o
. (,IIJD ,

with potential:
“Uz 2
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Is employed both to break the electroweak sym-
metry and to generate masses for the fermions
INn the Standard Model.



Custodial Symmetry: SU(2)v
SU(2); x SU(2)p — SU(2)y

Due to residual SU(2)y ‘“custodial symmetry”
for ¢ — 0, the SU(2); gauge bosons are

degenerate.

This, plus m~ = 0, tells us
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and hence




Violations of Custodial Symmetry

—lectromagnetism: O(a) corrections to Ap from
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Nota Bene: Custodial symmetry Is accidental.
It applies to SU(2); xU(1)y invariant terms of
dimension 4 or less (¢’ — 0). Can be violated
by terms of higher dimension, e.g.

(¢! DF¢)(¢' Do) = % (Trozd'DFd) (Trozd!Dyd)



Custodial Symmetry

IS an Important part
of any theory of EVVSB!
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LEP/SLD Data
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Can Custodial Symmetry be
enhanced in a BSM top-mass
sector!
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A Custodial Symmetry for Zbb

® SU(2).xSU(2)rRxPLr—=SU(2)vxPLr symmetry
® (t,b)e(2,2) - add new fermions
o tre(l,1) [or (1,3)+(3,1)]
® Z-coupling:T3-Qsin?0

® Q unrenormalized (0T3.#0 in SM)

® O0T3v=0T3.+0T3r=0, due to SU(2)v

® 0T3.=0T3r due to Pir

® hence 0T3.=0!

Agashe, et. al. PLB 641 (2006) 62



A Simple Realization:
The Doublet-Extended Standard Model

® Global Symmetries:

SU(Q)L X SU(Q)R X PLR X U(l)X
— SU(Q)V X PLR X U(l)X

® Gauge Symmetries:

SUR2)L xU(l)y - U(1)g
Y =T3r +Qx

Q=131 +15r +Qx

: th Q
® Ferm|0n5: QL — (bL T%) — (qL \IJL) & tR, QR, T;%
L L

RSC, Simmons, Di Chiara, Foadi, PRD 80 (2009) 095001



New Symmetries

SU((2)r, <SU(2)R>
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Fermion Charges
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® t'| & 'L have charge of top-quark (will mix)
® (), exotic (unstable) quark with charge +5/3

® Y| r vectorial under weak interactions




Lagrangian

»Cfermion — TTQLZlD Qr, + qf@]ﬁ\l’ - t_}{zwth
—\, (TI“QL - (I)) t;,, — M\IJL\I/R + h.c.

® SU(2).xSU(2)rxPLr exact at dimension 4 in top-
quark mass-generating sector

® Softly broken by ¥ mass to gauged SU(2).xU(I)y
® Explicitly broken by (small) gauge-interactions
® Ordinary Higgs Lagrangian

® mpy=0, mo=M



Top Mass Eigenstates

_ / / m 0 t;% IR Ve _M
Lomass = (tL TL) <m M )(T&) MQrQr + h.c , m —= \/§
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onstraints on
the DESM
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“Gaugeless Limit” | \:
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Negative contribution
for small M:
Custodial symmetry

Favo 'S Smal | |J restoration!
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Negative contribution
for small U:
Custodial symmetry
restoration!

Large U strongly favored!
mt>3.4TeV @ 95% CL
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Experiment strongly
favors custodial
symmetry breaking

no smaller than that due

to top-quark in SM!



Conclusions and
Questions

® Little room for enhanced custodial symmetry

® Potential, however, to use enhanced custodial
symmetry in “heavy” sector of theory, to

control extra contributions to XT
® Can we implement this in a dynamical model?

® Embed SU(2)r in ETC?

® What about flavor mixing!?



